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GenotypingLeptospira interrogans serogroup Icterohaemorrhagiae is the major serogroup infecting humans worldwide,
and rodents and dogs are the most signiﬁcant transmission sources in urban environments. Knowledge of the
prevalent serovars and their maintenance hosts is essential to understand the epidemiology of leptospirosis.
In this study, 20 Leptospira isolates were evaluated by pulsed-ﬁeld gel electrophoresis (PFGE), variable
number tandem-repeat analysis (VNTR), serotyping, and determination of antimicrobial resistance proﬁle.
Isolates, originated from bovine, canine, human, and rodent sources, were characterized by microscopic
agglutination test with polyclonal and monoclonal antibodies and were identiﬁed as L. interrogans serogroup
Icterohaemorrhagiae serovar Copenhageni. MICs of antimicrobials often used in veterinary medicine were
determined by broth microdilution test. Most of tested antibiotics were effective against isolates, including
penicillin, ampicillin, and ceftiofur. Higher MIC variability was observed for ﬂuoroquinolones and neomycin;
all isolates were resistant to trimethoprim/sulfamethoxazole and sulphadimethoxine. Isolates were
genotyped by PFGE and VNTR; both techniques were unable to discriminate between serovars Copenhageni
and Icterohaemorrhagiae, as expected. PFGE clustered all isolates in 1 pulsotype, indicating that these
serovars can be transmitted between species and that bovine, rodent, and dogs can maintain them in the
environment endangering the human population.fax: +55-02111-3091-7928.
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Leptospirosis, the most widespread zoonosis, is emerging as a
major public health problem, occurring in both rural and urban areas
of tropical, subtropical, and temperate regions (Evangelista and
Coburn, 2010; Galloway and Levett, 2010). Leptospira interrogans
can chronically infect domestic, farm, and wild animal species such
as rats and can be harbored in their renal tubules before being
shed into the environment upon urination (Bharti et al., 2003;
Faine et al., 1999).
The excreted spirochetes continue to survive in suitable, moist
environments until contact and penetration of new hosts via skin
abrasions or mucosal surfaces such as conjunctival eye tissue (Bharti
et al., 2003; Faine et al., 1999). Humans are accidental hosts that
become infected through exposure to contaminated water, soil, and
urine from animal reservoirs. In the acute form, leptospirosis severity
ranges from asymptomatic infection to multiple organ failure,pulmonary hemorrhage, and death (Faine et al., 1999). Urban
outbreaks of severe leptospirosis occur annually in Brazil and are
mainly associated with intense periods of high rainfall and poor living
conditions (Romero et al., 2003; Tassinari et al., 2008).
Serogroup Icterohaemorrhagiae, the major serogroup infecting
humans worldwide, is often found in rodent populations (Ko et al.,
1999), and rats (Rattus genus) are the most important transmission
source in urban environments (Athanazio et al., 2008). The stray dog
population also appears to be an important source of human and
environmental contamination in urban areas, despite having lower
seroprevalence (Blazius et al., 2005; Oliveira Lavinsky et al., 2012).
Knowledge of the prevalent serovars and their maintenance hosts
is essential to understand the epidemiology of leptospirosis (Romero
et al., 2009). This knowledge can lead to the recognition of carrier
mammals and enable targeted prevention methods to contain
outbreaks and is important in identifying new species and serovars
(Galloway and Levett, 2010). Since 1980, it has been shown that, for
the identiﬁcation of serovars, molecular ﬁngerprint methods are
usually in agreement with serotyping, and various techniques have
been proposed (Turk et al., 2009).
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the assessment of antibiotic susceptibility (Murray and Hospenthal,
2004). This technique has beenmainly used for selection of antibiotics
for leptospirosis treatment. From it, it was discovered that the MIC of
current antibiotics of choice for leptospirosis treatment, penicillin G
and doxycycline, are higher than the MICs of erythromycin, broad-
spectrum cephalosporin, and ﬂuoroquinolones (Murray and Hos-
penthal, 2004; Ressner et al., 2008). Also, some Leptospira isolates
presented resistance to trimethoprim, sulfamethoxazole, and neomy-
cin (Chakraborty et al., 2010).
This study aimed to characterize 20 Leptospira interrogans isolates,
originated from animals and human, by serotyping, pulsed-ﬁeld gel
electrophoresis (PFGE), variable number tandem-repeat analysis
(VNTR), and broth microdilution techniques.
2. Materials and methods
2.1. Bacterial isolates and culture conditions
A total of 20 Leptospira isolates were studied. The isolates
originated from the bacterial collections of the Laboratory of
Bacterial Zoonosis–University of Sao Paulo, Laboratory of Animal
Leptospirosis–Londrina State University and Biotechnology Centre,
Federal University of Pelotas. They were isolated from bovine (1),
dog (2), human (2), Rattus norvegicus (14), and Rattus rattus (1)
samples, in the cities of Sao Paulo/SP, Rio de Janeiro/RJ, and
Londrina/PR, over the period of 1990 to 2007 (Table 1). The
isolates were stocked EMJH semi-solid medium at 30 °C and
maintained in EMJH liquid medium until serotyping, microdilution,
and molecular analysis.
The L. interrogans serovar Copenhageni reference strain M20
(1938, Dinamarc) and Leptospira interrogans serovar Icterohaemor-
rhagiae reference strain RGA (1916, Belgium) were used in this study
as internal and quality controls serovars for the experiments.Table 1
Source and origin characteristics of L. interrogans isolates used in this study.
Identiﬁcation – animal Year State
M5/90 – Canis familiaris 1990 SP
M9/99 – R. norvegicus 1999 SP
M10/99 – R. norvegicus 1999 SP
LO10 – Bos taurus 2001 PR
M9/05 – R. norvegicus 2005 SP
M136/05 – R. norvegicus 2005 SP
M1/06 – R. norvegicus 2006 SP
64/06 – C. familiaris 2006 SP
M20/07 – R. norvegicus 2007 SP
M46/07 – R. rattus 2007 SP
M67/07 – R. rattus 2007 SP
M71/07 – R. norvegicus 2007 SP
M82/07 – R. rattus 2007 SP
M96/07 – R. norvegicus 2007 SP
M33/08 – R. norvegicus 2008 SP
M41/08 – R. norvegicus 2008 SP
M61/08 – R. norvegicus 2008 SP
M02/09 – R. norvegicus 2009 SP
M9/96 – Homo sapiens 1996 SP
L1-130 – H. sapiens 1996 BA
SP = São Paulo State; RJ = Rio de Janeiro State; PR = Paraná State; BA = Bahia.
a Polyclonal antibodies—Budesinstitut für Gesundheitlichen Verbraucherschuatz und Vet2.2. Serotyping
The isolates were typed at the WHO/FAO/OIE and National
Collaborating Centre for Reference and Research on Leptospirosis
(Kit Biomedical Research, Amsterdam, The Netherlands). To deter-
mine their presumptive serogroups, the Leptospira isolates were
subjected to themicroscopic agglutination test (MAT) using a panel of
43 rabbit anti-Leptospira sera that was representative of all pathogenic
and saprophytic serogroups. The rabbit antisera (polyclonal) were
prepared as described by Terpstra et al. (1985) and Faine et al. (1999).
The MAT was conducted in a microtiter plate with serial 2-fold
dilutions of the rabbit antisera, starting with a serum dilution of 1:10.
Equal volumes of viable leptospiral strains and antiserum dilutions
were mixed. After incubation at 30 °C for 2 h, the mixtures were
investigated for agglutination using dark-ﬁeld microscopy. High rates
of agglutination of the leptospiral strain with 1 particular antiserum
are used to identify the presumptive serogroup of the strain (Dikken
and Kmety, 1978).
The isolates were further typed by performing MAT with a panel
of monoclonal antibodies (WHO/FAO Collaborating Centre for
Reference and Research; KIT-Biomedical Research) capable of
differentiating the serovars of serogroups Grippotyphosa (F71C3,
F71C9, F165C3, and F165C8), Icterohaemorrhagiae (F52C1, F70C14,
F70C24, F89C12, and F82C1), Australis (F81C1, F81C8, F90C5, and
F90C6), Sejroe (F13C193, F16C28, F21C21, and F106C53), Canicola
(F152C11, F152C14, F152C17, and F152C18), and Hebdomadis
(F50C3, F106C1, and F106C5).
2.3. Pulsed-ﬁeld gel electrophoresis
The Leptospira cultures were incubated at 30 °C in EMJH liquid
medium for 5 to 7 days and centrifuged at 5000 rpm for 20 min. The
supernatant was discarded, and the pellet was resuspended in 10 mL
of PETT IV solution (10 mmol/L Tris-HCl [pH 8.0], and 1 mol/L NaCl,Clinical symptoms Serogroup/serovar
Monoclonal or polyclonal antibodies
Anorexia, fever, prostration,
muscle aches, weight loss
and/or jaundice
Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Kidneys harvested from
slaughterhouse
Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Anorexia, fever, prostration,
muscle aches, weight loss
and/or jaundice
Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhagenia
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhagenia
Asymptomatic Icterohaemorrhagiae/Copenhagenia
Asymptomatic Icterohaemorrhagiae/Copenhageni
Asymptomatic Icterohaemorrhagiae/Copenhageni
Jaundice, oliguria, severe
anemia, renal insufﬁciency,
and respiratory insufﬁciency
Icterohaemorrhagiae/Copenhageni
Jaundice, oliguria, severe
anemia, renal insufﬁciency,
and respiratory insufﬁciency
Icterohaemorrhagiae/Copenhageni
erinärmedizin, Berlin, Germany.
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rpm for 10 min, the supernatant was discarded, and the pellet was
suspended in 1 mL of lysis buffer (1 mol/L NaCl, 10 mmol/L Tris [pH
8.0], 200 mmol/L EDTA, 0.5% sarcosyl, and 0.2% sodium deoxycho-
late). Agarose SeaKem gold 2% (Cambrex Bio Science Rockland, Inc.,
East Rutherford, NJ, USA) was prepared in 0.5× Tris Borate EDTA
buffer. A volume of 400 μL of the bacterial suspension was heated to
40 °C and was added to 20 μL of 100 mg of lysozyme/mL (LGC
Biotecnologia, Sao Paulo, Brazil) and 400 μL of heated 2% agarose
solution. The mixture was immediately dispensed into wells and
chilled for 10 min at 4°C. Plugs were placed in 2.5 mL of Lysis buffer,
and 70 μL of proteinase K (20 mg/ml; LGC Biotecnologia) was added
before incubation at 56 °C for 20 h. The plugs were rinsed once in
1 mL Tris EDTA buffer (10 mmol/L Tris, 1 mmol/L EDTA).
The plugs were washed with 5 mL of Tris EDTA buffer (10
mmol/L Tris, 1 mmol/L EDTA) twice for 30 min each time at 37 °C
and then stored in 1mL of Tris EDTA buffer (10mmol/L Tris, 1 mmol/L
EDTA) at 4 °C. The DNA was cleaved with 5 U of NotI enzyme (New
England BioLabs, Ipswich, MA, USA) per microgram of DNA for 4 h
at 37 °C. The PFGE run was performed as described by Galloway
and Levett (2010) at the Center for Disease Control and Prevention,
USA. The gels were stained with 1× Sybr®Safe (Invitrogen
Corporation, Carlsbad, CA, USA) for 40 min and photographed
under UV transillumination. The DNA fragments were identiﬁed
using a Lambda DNA-PFGE marker (New England BioLabs, Ipswich,
MA, USA).
To the PFGE analysis, the isolates were considered into different
pulsotypes when differing by 4 or more bands (Van Belkum et al.,
2007). Fingerprint patterns were analyzed by comprehensive pair-
wise comparison of restriction fragment sizes, using the Dice
coefﬁcient. The mean values obtained from Dice coefﬁcients were
employed in UPGMA, using BioNumeric 6.6 (Applied Maths NV, Sint-
Martens-Latem, Belgium) to generate dendrograms.
2.4. Variable number tandem-repeat analysis
VNTR analysis was performed with 8 discriminatory markers
for VNTR loci 4, 7, 9, 10, 11, 19, 23, and 31, as described by MajedFig. 1. Dendrogram showing the relationship among the PFGE patterns from L. interrogans, se
from different animal species.et al. (2005), at the Biotechnology Centre, Federal University of
Pelotas, Rio Grande do Sul, Brazil. The PCR products were analyzed
on 2% agarose gel stained with ethidium bromide, and the
molecular weights were estimated by comparison with a 100-bp
DNA ladder.
2.5. Broth microdilution
The broth microdilution method was performed as previously
described by Murray and Hospenthal (2004), adapted to use of the
Sensititre® Standard Susceptibility MIC Plates BOPO6F (TREK Diag-
nostic Systems/Thermo Fisher Scientiﬁc) containing penicillin
(0.125–8 units/mL), ampicillin (0.25–16 μg/mL), gentamicin (1–16
μg/mL), ceftiofur (0.25–8 μg/mL), neomycin (4–32 μg/mL), chlor-
tetracycline (0.5–8 μg/mL), oxytetracycline (0.5–8 μg/mL), clinda-
mycin (0.25–16 μg/mL), enroﬂoxacin (0.125–2 μg/mL), danoﬂoxacin
(0.125–2 μg/mL), trimethoprim/sulfamethoxazole (2/38 μg/mL),
sulphadimethoxine (256 μg/mL), ﬂorfenicol (0.25–8 μg/mL), spec-
tinomycin (8–64 μg/mL), tulathromycin (1–64 μg/mL), tylosin
tartrate (0.5–32 μg/mL), tilmicosin (4–64 μg/mL), and tiamulin
(0.5–32 μg/mL). For the inoculum, cultures were grown at 30 °C for
7 days and diluted to an optical density at 420 nm of 0.32
(approximately 108 CFU/mL), followed by serial dilution using EMJH
medium to achieve ﬁnal concentration of, approximately, 2 × 106
CFU/mL (the inoculum was also conﬁrmed by enumeration in a
Petroff-Hausser chamber under dark-ﬁeld microscopy). Fifty micro-
liters of the inoculum was added in each well of the Sensititre® MIC
Plate, and after 3 days of incubation, 5 μL of 10× alamarBlue (TREK
Diagnostic Systems/Thermo Fisher Scientiﬁc) was added to each
well. The MICs were assessed visually as the lowest concentration of
antibiotics in the wells without color change of alamarBlue, on the
ﬁfth day of incubation.
3. Results
The 20 Leptospira isolates were evaluated using MAT with
polyclonal and monoclonal antibodies and were identiﬁed as
L. interrogans serogroup Icterohaemorrhagiae serovar Copenhageni.rogroup Icterohaemorrhagiae, serovars Copenhageni and Icterohaemorrhagiae isolates
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198 F. Miraglia et al. / Diagnostic Microbiology and Infectious Disease 77 (2013) 195–199Only 3 isolates, originated from R. norvegicus (2) and R. rattus (1),
were not identiﬁed using monoclonal antibodies. They were analyzed
using polyclonal antibodies of Budesinstitut für Gesundheitlichen
Verbraucherschuatz und Veterinärmedizin, Berlin, Germany, and the
highest titer observed was for serovar Copenhageni (data not shown).
The isolates were also evaluated by VNTR, and the proﬁle of the
number of variable tandem repeats in each of the 7 VNTR loci (VNTR4,
VNTR7, VNTR9, VNTR10, VNTR11, VNTR19, VNTR23, and VNTR31)
obtained was 2, 1, 13, 7, 1, 2 and 0, respectively. This result conﬁrmed
that the studied isolates belonged to serogroup Icterohaemorrhagiae,
serovars Icterohaemorrhagiae/Copenhageni.
PFGE analysis resulted in only 1 pulsotype (Pulsotype 1)
containing all 20 isolates and reference strains. Genetic similarity
ranged from 88 to 100% (Fig. 1). Brazilian isolates originated from
R. norvegicus, R. rattus dog, and human presented 100% of genetic
similarity when compared with the internal control L. interrogans
serovar Copenhageni reference strain M20. L. interrogans serovar
Icterohaemorrhagiae RGA showed 87% of similarity, but considering
number of bands, it presented only 3 bands different from all other
tested strains.
The MICs values are reported in Table 2. Penicillin, ampicillin,
ceftiofur, oxytetracycline, tiamulin, and clindamycin presented the
lowest MICs among the tested antibiotics. All isolates were also
sensitive to chlortetracycline, gentamicin, spectinomycin, tylosin
tartrate, tulathromycin, and ﬂorfenicol. Fluoroquinolones presented
higher MIC variability among isolates as well as neomycin. All
isolates were resistant to trimethoprim/sulfamethoxazole and
sulphadimethoxine.
4. Discussion
L. interrogans serogroup Icterohaemorrhagiae represents more
than half of the leptospires encountered in human infections (Salaün
et al., 2006). In Brazil, domestic rats are common, and R. norvegicus
and R. rattus are closely associated with the transmission of
leptospirosis to human and dogs in the peri-domestic areas (Faine
et al., 1999). R. norvegicus is more often encountered in urbanized
areas, whereas R. rattus is the predominant rural species. The latter
rodents are associated with a higher risk of transmission to animal
farm species, such as bovines and swine (Mathias et al., 2008).
Classically, leptospirosis has been considered a sporadic and
occupational rural disease associated with livestock, wild reservoirs,
and cultivation practices. Rural to urban migration and urban
population growth have been accelerating in Latin American cities,
creating new environments for leptospirosis transmission. The
individuals who are at the highest risk for severe leptospirosis
reside in the poorest living conditions in the growing cities, and
these areas often lack basic sanitation (Faria et al., 2008; Reis et al.,
2008; Riley et al., 2007).
In the present study, 20 isolates were typed by serological
techniques and all belonged to the serogroup Icterohaemorrhagiae
serovar Copenhageni. This result corroborates with previous ﬁndings,
which consider the serogroup Icterohaemorrhagiae serovars Icter-
ohaemorrhagiae/Copenhageni as the most prevalent among Brazilian
territory (Galloway and Levett, 2010; Reis et al., 2008; Romero et al.,
2003; Sakata et al., 1992).
The Leptospira isolates were also typed by PFGE and VNTR. These
molecular techniques failed to differentiate between the serovars
Icterohaemorrhagiae and Copenhageni from reference strains M20
(1938) and RGA (1916). However, serovars Icterohaemorrhagiae and
Copenhageni had been previously considered similar both serologi-
cally and genetically (Kmety and Dikken, 1993; Majed et al., 2005).
These serovars cannot be distinguished by PFGE (Galloway and Levett,
2010; Romero et al., 2009) and VNTR typing when using the VNTR4,
VNTR7, VNTR9, VNTR10, VNTR11, VNTR19, VNTR23, and VNTR31 loci,
as described by Majed et al. (2005).
199F. Miraglia et al. / Diagnostic Microbiology and Infectious Disease 77 (2013) 195–199Although the molecular techniques present advantages compared
to the classical methods of leptospiral identiﬁcation based on
antigenic relatedness, which are time-consuming and expensive for
requiring the maintenance of reference strains and the preparation of
antisera, both PFGE and VNTR cannot discriminate between closely
related serovars (Galloway and Levett, 2010; Majed et al., 2005;
Romero et al., 2009). However, they are useful and viable leptospiral
typing methods that require standardization and experience. PFGE
possess higher epidemiological value than VNTR since it can be used
to identify serovars/isolates from different geographic regions and
hosts involved in the transmission and spread of leptospirosis and for
recognizing potential new serovars (Galloway and Levett, 2010;
Romero et al., 2009).
All studied isolates were grouped into only 1 cluster by PFGE
(Pulsotype 1). This result demonstrates a close relationship among
rodent, canine, bovine, and human isolates indicating that the
serovars Icterohaemorrhagiae/Copenhageni can be transmitted be-
tween these species. Therefore, bovine, rodent, and dogs are potential
sources of maintenance of Leptospira in urban and rural environments
endangering the human population health.
Our results corroborate previous studies that already considered
rodents and dogs to be important transmission sources of leptospirosis
in urban environments worldwide (Athanazio et al., 2008; Blazius et
al., 2005; Oliveira Lavinsky et al., 2012). The leptospirosis acquired
through contactwith infected cattle is considered to be anoccupational
risk, affecting farmers and meat workers. Therefore, it is conceivable
that excretion of highly pathogenic serovars such as Copenhageni by
cattle represents an increasing risk for severe leptospirosis in large
populations who mainly live in rural areas (Ganoza et al., 2006).
From our broth microdilution results, most of tested antibiotics
were effective against Leptospira isolates, including penicillin, ampi-
cillin, and ceftiofur, which corroborate with previous studies (Chakra-
borty et al., 2010; Murray and Hospenthal, 2004; Ressner et al., 2008).
However, we observed lower MIC90s for oxytetracycline and chlortet-
racycline when compared to the closely related doxycycline and
tetracycline (Murray and Hospenthal, 2004; Ressner et al., 2008). We
also found higher MICs for ﬂuoroquinolones when compared to
previous studies, with 70 and 55% of isolates with MIC ≥1 μg/mL for
danoﬂoxacin and enroﬂoxacin. All isolates were resistant to trimeth-
oprim/sulfamethoxazole and sulphadimethoxine, as expected.
Even though the Clinical and Laboratory Standards Institute
guidelines for Leptospira have not been established, the study of
Leptospira susceptibility to antibiotics has been developed and used
to assess the possible antibiotics to leptospirosis treatment and
selective agents for Leptospira isolation (Chakraborty et al., 2010).
Our results corroborate with previous studies, with susceptibility to
penicillin, ampicillin, and cephalosporins and resistance to trimeth-
oprim/sulfamethoxazole and neomycin. We also report the suscep-
tibility to spectinomycin, tylosin tartrate, tulathromycin, and
ﬂorfenicol. While Chakraborty et al. (2010) reported leptospiral
susceptibility to ciproﬂoxacin and norﬂoxacin and supported the use
of norﬂoxacin as an alternative empirical treatment due to
increasing resistance to ciproﬂoxacin, we observed higher MICs for
danoﬂoxacin and enroﬂoxacin, which makes unfeasible the use of
ﬂuoroquinolones as treatment.
In this study, we report the serological and molecular character-
ization of Leptospira isolates from various sources and their antibiotic
susceptibility proﬁle. Our results add information to the growing
knowledge about Leptospira characterization. Until our fully under-
standing, the leptospirosis reservoirs must be constantlymonitored to
minimize their impact on the transmission of disease, and molecular
techniques have to be developed to identify and completely
characterize Leptospira species and serovars.Acknowledgments
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